C 18 H 28 N 2 O4P 2 S4Zn, triclinic, P1 (no. 2), a = 15.2379(1) Å, b = 17.3322(2) Å, c = 21.8829(1) Å, α = 75.919(1)°, β = 78.050(1)°, γ = 68.170(1)°, V = 5159.97(8) Å 3 , Z = 8, Rgt(F) = 0.0246, wR ref (F 2 ) = 0.0681, T = 100 K.
Source of material
The Zn[S 2 P(OEt) 2 ] 2 precursor was prepared in high yield from the in situ reaction of Zn(NO 3 ) 2 · 6 H 2 O (Alfa Aesar; 14.87 g, 0.05 mol), EtOH (Merck; 12.25 mL, 0.21 mol), P 2 S5 (Sigma-Aldrich; 11.11 g, 0.05 mol) and 50% w/w NaOH solution (Merck; 8.80 mL, 0.11 mol). The title compound was obtained by mixing a suspension of this precursor (0.50 g, 1.15 mmol) and 4,4′-bipyridine (Merck; 0.18 g, 1.15 mmol) in dimethylformamide (Merck; 5 mL), followed by stirring for 30 min at 373 K. The solution was filtered and the filtrate was collected in a sample vial containing acetonitrile (Merck; 1 mL). Colourless blocks formed after one day. Yield: 0.46 g, (67.6%, based on Zn[S 2 P(OEt) 2 ] 2 ). M.pt (Stuart SMP 30 Melting point apparatus): 420.2-421.9 K. IR (Bruker Vertex 70 V equipped with Platinum ATR from 400 to 80 cm −1 ): 1057(w) ν(C-O); 940(s) ν(P-O); 667(s) ν(P-S)asym; 521(m) ν(P-S)sym; 294(m) ν(Zn-S); 380(w) ν(Zn-N). 
Experimental details
The C-bound H atoms were geometrically placed (C-H = 0.95-0.99 Å) and refined as riding with U iso (H) = 1.2-1.5Ueq(C). The methyl-C68 atom was found, from refinement, to be statistically disordered over two positions with 50:50% site occupancy. Each position was modelled with independent anisotropic displacement parameters. Owing to poor agreement, one reflection, i.e. (7 0 2), was omitted from the final cycles of refinement. Translational pseudosymmetry is observed (<90%) but after careful analysis the refinement was carried out using the given unit cell.
Comment
The neutral, usually bidentate bridging ligand, 4,4′bipyridine (4,4′-bipy), has proven to be a mainstay in coordination chemistry for the construction of coordination polymers, up to and including three-dimensional metalorganic framework architectures. An early aspiration of complexing zinc-triad 1,1-dithiolates, such as dithiophosphates [ − S 2 P(OR) 2 ], with 4,4′-bipy was the expectation that the aggregated precursor structures, through the agency of M· · · S bridging [5] , would be assembled into higher-dimensional architectures via links provided by the 4,4′-bipy molecules. While complexation by 4,4′-bipy did occur, this was at the expense of M· · · S bridging so that, usually, only onedimensional coordination polymers eventuated [6] . In the case of zinc dithiophosphates, {Zn[S 2 P(OR) 2 ] 2 (4,4′-bipy)}n, one-dimensional, zig-zag polymers are formed when R = [7], Et [8] and iPr [9] . However, when the R group is bulky, such as when R = cyclohexyl (Cy), only zero-dimensional, binuclear molecules could be isolated, i.e. {Zn[S 2 P(OCy) 2 ] 2 } 2 (4,4′-bipy) [10] . Such steric control over supramolecular association in the zinc-triad dithiophosphate adducts of bipyridyl-type molecules is well established [6, [10] [11] [12] . In continuation of studies in this area, a low temperature (100 K) form of {Zn[S 2 P(OEt) 2 ] 2 (4,4′bipy)}n, (I), was characterised crystallographically and compared with the previously reported room-temperature form [8] .
The asymmetric unit of (I) is shown in the figure (70% probability displacement ellipsoids; only one position for the statistically disordered C68 atom is shown) and comprises four independent Zn[S 2 P(OEt) 2 ] 2 (4,4′-bipy) repeat units linked to form part of a one-dimensional coordination polymer with a zig-zag topology. The coordination environment for each zinc centre is approximately the same whereby each is coordinated by two sulphur atoms derived from two monodentate dithiophosphate ligands and two pyridylnitrogen atoms. The Zn-S(coordinating) bond lengths lie in the experimentally distinct range 2.2854(4) Å, for Zn4-S13, to 2.3519(4) Å, for Zn1-S3. Similarly, the Zn-N bond lengths span a range of over 0.045 Å, i.e. 2.0405(13) Å, for Zn1-N3, to 2.0879(13) Å, for Zn4-N2 i (symmetry operation (i): −2 + x, y, 1 + z). Evidence that the dithiophosphate ligands are coordinating in a monodentate mode is seen in the non-bonding separations. For each repeat unit, one dithiophosphate ligand is orientated to place a thione-sulphur atom in close proximity to the zinc centre, whereas the other directs one of the ethoxy-oxygen atoms towards the zinc atom. An interesting trend is noted in the non-bonding-Zn· · · S, O separations in that the zinc atom forming the shortest Zn· · · S separation, forms the longest Zn· · · O separation, i.e. Zn4· · · S16 = 3.4445(5) Å and Zn4-O13 = 3.7553(11) Å, and vice versa, i.e. Zn2· · · S6 = 3.6248(4) Å and Zn2-O8 3.1598(12) Å; the other zinc centres follow the same trend but, with intermediate separations Zn3· · · S12 = 3.4964(5) Å and Zn3· · · O10 = 3.6291(11) Å, and Zn1· · · S2 = 3.5116(4) Å and Zn1· · · O3 = 3.2159(12) Å. The P-S bond lengths also exhibit definitive trends with those involving the coordinating sulphur atom being systematically longer (range 2.0190(5) Å, for P7-S13, to 2.0417(6) Å, for P8-S15) than those formed by the formally thione-sulphur atoms [range 1.9331(6) Å, for P8-S16, to 1.9470(6) Å, for P7-S14]. Interestingly, the shortest and longest P-S(thione) bonds involve atoms forming weak Zn· · · S and no Zn· · · S interactions, respectively, indicating no trend in the nature of the sulphur atom and the magnitude of the P=S bond. The coordination geometries for the zinc atoms are based on P 2 S 2 donor sets which define approximate tetrahedra. By contrast to the bond lengths, systematic trends are lacking in the bond angles about the zinc atom. Thus, the bonds subtended by the coordinating sulphur atoms span a range of ca 10°, i.e. S5-Zn2-S7 = 109.371(16)°to S9-Zn3-S11 = 120.758(17)°, and those by the pyridyl-nitrogen atoms, ca 5°, i.e. N8-Zn4-N2 i = 97.50(5)°to N1-Zn1-N3 = 102.09(5)°. However, despite these variations, the range of tetrahedral angles about the individual zinc atoms is narrow, being about 21°for the Zn4 atom [S15-Zn4-N2 i = 97.15(4)°to S13-Zn4-S15 = 117.883(16)°] and about 23°for the Zn1 atom [S3-Zn1-N1 = 97.80(4)°to S1-Zn1-N3 = 120.32(4)°]. The twists between the pyridyl rings of the 4,4′-bipy molecules also differentiate the four repeat units with the dihedral angles between the N1-/N2pyridyl [35.06 (7) In the crystal, the zig-zag chains run parallel to [2 0 −1]. The connections between the chains to consolidate the three-dimensional architecture are of the type C-H· · · O, C-H· · · S and C-H· · · π. Of each of these, the shortest and most directional interactions are pyridyl-C-H· · · O(ethoxy), pyridyl-C-H· · · S(coordinating) and methyl-C-H· · · π(pyridyl) [C56-H56· · · O1 ii : H56· · · O1 ii = 2.47 Å, C56· · · O1 ii = 3.351(2) Å with angle at H56 = 153°, C38-H38· · · S9 iii : H38· · · S9 iii = 2.82 Å, C38· · · S9 iii = 3.7031(17) Å with angle at H38 = 156°and C6-H6a· · · Cg(N7, C55-C59) iv : H6a· · · Cg(N7, C55-C59) iv = 2.85 Å, C6· · · Cg(N7, C55-C59) iv = 3.776(2) Å with angle at H6a = 158°for symmetry operations (ii) −1 + x, y, 1 + z, (iii) 1 − x, −y, 1 − z and (iv) 1 − x, −y, 1 − z].
The crystal of the room temperature (296 K) polymorph of (I) is also triclinic P1, with two independent repeat units of Zn[S 2 P(OEt) 2 ] 2 (4,4′-bipy) in the asymmetric unit [8] . Similar coordination modes for the dithiophosphate ligands about each zinc atom, as described above, are apparent in the roomtemperature form. The pitch in the zig-zag chains in (I) range from 16.2 to 17.5 Å, and match those in the literature precedent, i.e. 16.4 to 17.5 Å [8] .
Finally, in an accompanying report, a low temperature (100 K) polymorph for {Cd[S 2 P(OEt) 2 ] 2 (4,4′bipy)}n was described [13] . This, as was the room temperature (293 K) form [14] , is a linear coordination polymer with a trans-N 2 S4 coordination geometry for the cadmium(II) centre. The obvious difference between the room-and low-temperature forms is in the number of Cd[S 2 P(OEt) 2 ] 2 (4,4′-bipy) repeating units. In the former, the repeat unit lies on a centre of inversion, whereas in the latter, there are four independent repeat units, two in general positions and two with the cadmium atom lying on a centre of inversion.
